Introduction
Endotracheal tube (ETT) blockage is common among mechanically-ventilated (M-V) patients in the intensive care unit (ICU). Closed suctioning is recommended in patients who develop severe acute respiratory distress syndrome (ARDS), and are ventilated in the ICU to prevent loss of lung volume and limit environmental, personnel, and patient contamination [1, 2] . Optimal positive-end expiratory pressure (PEEP) is necessary to maintain open alveoli during respiration, and the greatest lung volume loss occurs during disconnection of the ETT during open suctioning (OS) [3] . Given the advantages of closed suctioning (CS) compared to OS [2] , it may be within the best interest of the healthcare provider and patient to use the former technique for the management of M-V individuals. However, the duration of ETT blockage by patient secretions can be prolonged if the secretions are inadequately removed from the airway by a closed suctioning system (CSS) that is insufficiently equipped to handle such clinical challenges.
This case report describes initial use of an ETT tube and CSS that, based on observable outcomes within the ETT and patient, were not optimal for managing the respiratory distress of a super morbidly obese patient. Subsequent replacement of the ETT and CSS were advantageous for the patient, in that they enabled proper care of the original respiratory illness, and facilitated the patient's eventual discharge from the hospital.
Case summary
The evaluations, treatments, and procedures described in this report were standard-of-care for the patient. No protocols were exercised that would have required appropriate informed consent or approval by an Institutional Review Board (IRB).
A 25-year-old, super morbidly obese female Malay patient (body mass index (BMI) ¼ 55 kg/meter 2 (kg/m 2 )) presented to the hospital with shortness of breath lasting two weeks, and had progressively worsened three days prior to admission. Upon examination, she had tachypnea, with reduced breath sounds in both lungs and basal crepitation. She had bilateral leg edema extending to her thigh, and her chest radiograph showed features of acute pulmonary edema. She was intubated due to respiratory failure type 1, and was transferred to the ICU for close monitoring and further management. In the ICU, she required initial highsetting ventilator parameters with fraction of inspired oxygen (FiO 2 ) of 100% to maintain an arterial blood partial pressure of oxygen (PaO 2 ) of at least 60 mmHg. She also required high PEEP ranges 12e14 mmHg, considering her fluid overload.
The initial ETT used was 6 mm (mm) in diameter (ConvaTec Limited, Deeside, UK), and patient secretions within the tube were excessive and thick. A CSS instead of OS was implemented to minimize loss of PEEP. On day-three of her ICU ventilation, the patient's arterial blood gases showed worsening respiratory acidosis with an arterial blood partial pressure of carbon dioxide (PaCO 2 ) of 70 mmHg, which subsequently climbed to 100 mmHg. Given the worsening respiratory acidosis, reduced tidal volume, and high peak airway pressure, ETT blockage was suspected. A difficult airway trolley was prepared for intubation. After confirmation that the ETT was blocked by secretions, the patient was instead intubated with a C-MAC ® Video Laryngoscope (Karl Storz GmbH and Co. KG, Tuttlingen, Germany) with an ETT diameter size of 6.5 mm (ConvaTec Limited). Post-intubation, the patient was connected to a different CSS (Halyard Health, Inc., Alpharetta, GA, USA) that is designed to maintain a clean catheter tip upon removal from the trachea. After three days using the larger ETT tube and replacement CSS, the ETT was not blocked by secretions. The patient was extubated after one week of intubation with use of the ETT and CSS replacements, and was discharged with prescribed noninvasive ventilation at home after two weeks of being on bilevel, noninvasive ventilation in the ICU.
Discussion
To our knowledge, this is the first report to demonstrate that a clean-tip catheter CSS can be clinically advantageous to treat a M-V super morbidly obese patient. As suggested in this study, a relatively small ETT is susceptible to blockage by patient secretions. In this instance, the reason for choosing an ETT of 6 mm was to accommodate vocal cord edema, which was visualized though the video laryngoscope during the patient's emergency intubation. The cause of the vocal cord edema was unknown, though it was thought to be a result of multiple attempts to intubate in the ward prior to successful fiber-optic intubation in the operating room.
This current report adds to an expanding bibliography that provides evidence-based suggestions for, and observations during, management of respiratory issues concerning various levels of obesity [4e7]. This growing list of citations is a testament to the challenging respiratory issues that obesity can present. Indeed, bariatric surgery can improve vital capacity, peak expiratory flow, functional residual capacity, total lung capacity, and forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) [8, 9] . Furthermore, compromised breathing ability associated with severe obesity (BMI > 40 kg/m 2 ), referred to as malignant obesity hypoventilation syndrome (MOHS) [10] , introduces multi-system organ dysfunction [5] . Mechanical ventilation (MV) may be indicated for obese patients to assist them through their respiratory distress and avoid MOHS, or for those with MOHS already. In either instance, effective removal of patient secretions by suctioning is especially critical to maximize the benefit of MV.
Closed suctioning is not routinely performed in our ICU to remove patient secretions associated with MV, due to its high cost compared to OS. The nurses in our facility have indicated that the possibility of removing all secretions is higher with the intermittent manual bagging and suctioning that is performed during OS. An advantage of CS, however, is that no manual bagging is performed, which prevents disconnection of the ETT and subsequent loss of lung volume. This loss of lung volume mostly affects the dorsal regions of the lungs, and results in very fast desaturation of super morbidly obese patients [11] .
In this case study, we describe our experiences with two different CSS options. The significant difference in clinical care for this patient was accounted for by the healthcare choices made to select a replacement ETT and a different CSS than had been employed originally, during which the patient developed respiratory acidosis secondary to ETT blockage by her oral secretions. Importantly, the second CSS includes design features to ensure that the tip of the catheter is completely clean after it is removed from the trachea. This tip cleaning feature may reduce the risk of introducing secretions into the trachea and lungs, thus also diminishing the risk of ventilator-associated pneumonia [12e14], and by maintaining a more patent airway compared to a CSS without this feature, worsening of obesity-related breathing difficulties to the point of developing MOHS [10] .
Conclusions
Endotracheal tube blockage may occur in M-V patients who are managed with a small ETT and inadequate CSS, and be suspected in patients treated as such who develop sudden or progressive worsening respiratory acidosis. To manage these clinical challenges, healthcare professionals can exercise choices, including use of a larger ETT, and a CSS which can clean the tip of the suction catheter from any hard debris or thick secretions, such as the replacement one used for the patient in this case study. The favorable clinical outcomes enabled by these replacement devices illustrate that optimal ETT sizes and CSS are available for caregivers to choose to best manage super morbidly obese patients who have a history of difficult airway access.
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